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OitlGINAL PAPERS CASE I.
Clinical History.-Mrs. A. G., aged 41 , was admitted to the Maudsley Hospital on July 2, 1931, complaining of deafness and difficulty in walking. The previous history was negative. She was a married woman with three children, all of whom were quite healthy. About three years ago she fell and hurt her right eye, since when she had had difficulty in seeing. She There were a few small patches of cafe-au-lait pigmentation -over the extensor surfaces of both forearms, like large freckles.
Neurological Examnination.-Well-marked papillcedema was present in both eyes, with a few haemorrhages and areas of exudate. Oscillating horizontal nystagmus was present to both sides. An area of analgesia and loss of appreciation of light touch was present over the right supraorbital region, and one of hyperaesthesia to heat and cold in the right temporal region. Corneal and conjunctival reflexes were absent on both sides. The face was asymmetrical at rest, and the left side moved better than the right; the right side of the forehead wrinkled less than the left and the right orbicularis oculi was weaker than the left. There was complete bilateral deafness; neither the cochlea nor vestibule was in function. A tuning-fork was not heard on the vertex. There was neither air nor bone conduction, and no response to rotation or caloric tests. She suffered from vertigo and tended to fall chiefly to the right and backwards. Speech was slurred and tended to be staccato; syllables were missed out. Rombergism was marked and was unchanged with eyes open. Her gait was markedly ataxic and the movements were jerky. There was no paresis, wasting or fibrillation of the arms or legs, but both were markedly ataxic; intentiontremor, adiadochokinesis and cerebellar defect of movements were present.
Past-pointing was present in both hands and spontaneous deviation on the right side. All the deep reflexes were equal in the arms and greatly increased. Sensation was normal in the arms but thermal sensation was impaired in the left lower leg. The deep reflexes in the legs were all increased and equal, double ankle clonus was present and the left plantar was extensor. The abdominal reflexes were all absent. No sphincter impairment was found. Writing was jerky and tremulous. There was no aphasia, apraxia or astereog-. July 13, 1931 , suffering from deafness and difficulty in walking. The previous history was normal. He was a married man with three children, one of whom is mentally defective. Ten years ago he knocked his left elbow and developed two ' lumps ' over the left olecranon. These were removed, together with an osteoma of the third rib. The former were examined and found to be neurofibromata. No further change occurred until two years ago when he began to develop ' lumps 'on the arms and legs.
Two and a half years ago he began to become deaf, and this deafness has increased, especially in the right ear. He is now almost totally deaf. He also has buzzing tinnitus in both ears. At times he feels giddy and tends to fall forwards. Two years ago he also began to have weakness in both handls and the right leg, and The youngest boy died at the -age of 15 anid the facts relating to him were as follows. Eight months prior to his death he began to have progressive loss of power in the left arm and leg. Later partial loss of power in the right arm developed, followed by wasting. Incontinence of urine supervened. These symptoms were said to have followed a fall on his shoulder one year previously. Thermal sensation in the hands was affected and the deep reflexes were exaggerated. The boy became thin and wasted; the small muscles of the hands were wasted, also the forearms. Deep arm reflexes were absent. Marked spasm of both legs were present. Deep reflexes were increased in the legs; abdominal and cremasteric reflexes were absent. Plantar responses were doubtful. He gradually became weaker, became incontinent of urine and faeces. A double extensQr response and ankle clonus were present. Sensation to touch was impaired from three inches above the umbilicus downwards. The abdominal muscles were weak and spastic paralysis was present in legs. A post-mortem examination was held; the dura was found adherent from the seventh dorsal vertebra to the lower border of the third cervical. The tumour involved the motor roots principally, but had invaded sensory roots on the right side.
Unfortunately there is no report of a microscopic examination of the tumour. Neurofibromata are found fairly commonly growing from the nerve roots and causing compression of the spinal cord. Alexis Thomson5 reports a case of compression myelitis due to this cause, with generalized neurofibromata. Other authorities also describe cases where tumours have been found growing from the nerve roots with generalized neurofibromatosis; but just as the patient A. G. had bilateral acoustic neurofibromata without generalized neurofibromata the supposition is that this patient suffered from the same condition affecting the cord only.
X-RAY APPEARANCES.
X-ray of the head in cases of bilateral acoustic tumours often shows enlargement and distension of the internal meatus, as the tumour usually originates from that portion of the nerve lying within the canal. Henschen6 showed, as did Cushing, that in some cases of unilateral tumours this distension may be seen on the side opposite to the lesion. Graham Hodgson7 has found that X-ray of the head in cases of eighth nerve tumours may show destruction of the labyrinth and semicircular canals.
Case II shows these features very well. On the left side the internal auditory meatus is completely absent and destruction of the semicircular canals has taken place (see figs.).
BONY CHANGES.
Bone changes in neurofibromatosis are fairly common and Brooks and Lehman8 have described these in some detail. They describe scoliosis, abnormalities of growth and irregularity of the shafts of long bones appearing in X-ray films as subperiosteal cysts. Microscopic examination of the bone cysts shows the central portion to be composed of tissue similar to that in skin tumours with new-formed bone trabecule. These cysts are due to neurofibromata of bone in the periostum setting up fibromatosis. Barber and Shaw2'4 reported a case with bilateral optic atrophy, sexual precocity and a shadow in the sella turcica thought to be that of a tumour (not confirmed). Leir25 found dystrophia adiposogenitalis with X-ray and ophthalmoscopic changes suggesting pituitary tumour (not confirmed).
These endocrine disturbances associated with neurofibromatosis appear to be too rare and inconstant to be seriously considered etiologically.
From the above accounts it will be seen that the familial characteristics of diffuse neurofibromatosis and double acoustic tumours are well known and are thought by many to be due to some defect in the germ-plasm.
The three patients described had another brother who died suddenly in boyhood, but unfortunately the cause of death was not known. Both patients (Cases I and II) had three children each, and apart from the fact that the youngest child of the second is a mental defective they are all alive and well. The father of the generation described is alive, age 70, and has been a cripple from birth, but no other signs of neurofibromatosis could be found in him, or any other members of the family who were examined. In addition careful enquiry into the histories of members of the family no' seen produced no evidence of the disease.
MORBID ANATOMY AND HISTOLOGY.
The histology of the tumours was first studied by Virchow'" who considered them neuromata. In 1881 von Recklinghausen2 named them fibromata and in 1896 Pierre Marie considered that the tumours of the nerves and the skin differed in that the former arose from the sheath cells and the latter from the fibrous tissue of the skin. In 1900 Alexis Thomson'8 stated the tumours arose from the endoneurium. Durante at a considerable distance from the brain-stem, which is probably greater in the vestibular than the cochlear nerve. This ' transition zone ' is probably an area of unstable equilibrium and may be more so in the eighth nerve than in the other cranial and spinal nerve roots, as it is to be noted that most cases ot multiple tumours of the nerve roots (central neurofibromatosis) are associated with bilateral acoustic tumours. In Verocay's case and in one of Cushing's ganglion-cells were found in acoustic nerve tumours.
Verocay considers them-to be an integral part of the tumours and Cushing agrees (previous writers considered them to be pre-existing ganglion-cells in relation to the nerve). Cushing remarks that tumours of the nerve tend to show hyaline degeneration of vessel walls and states that impoverishment of blood-supply may result in fibrosis and deposition of calcareous salts in fibrous tissue. This indicates that cases of multiple psammomata of the nerve roots are neurofibromatous in origin. Cushing also states it is not unusual to have multiple endotheliomata of the cerebral and spinal meninges present in cases of central neurofibromatosis.
Greenfield32 states that the tumours are composed of cells which resemble the connective-tissue type in having an elongated nucleus and cytoplasm which tails off into a spindle-shaped process at either end, but which differs from it in staining reactions, e.g., with van Gieson's stain, which gives the process more of a brick-red colour than the pure fuchsin staining of connective-tissue. The cells have a tendency to palisading (Cushing) , nucleus lying by nucleus and cytoplasm by cytoplasm, giving a banded appearance to the section. Greenfield goes on to say that in addition there are areas of a looser texture in which multinucleated cells are common and the ground substance formed of small rounded cells and scanty cytoplasm which tends to run off into several thin poorly formed processesa type of cell suggesting myxomatous or glial tissue. No nerve fibres were found by silver-staining methods in any of the tumours examined.
Gamper33 in an article on the pathology of the central nervous system in this disease found neurinomas of the vagi, multiple gliogenous tumours of the ventricles, two subependymal tumours of neurinomatous structure resembling glial infiltration in the region of the spinal root and ganglion of the left fifth-nerve. He described accumulation of pigment with proliferative changes in the glia of the reticular zone; also blastomatous cell proliferation and diffuse loss of myelin fibres in circumscribed areas of the frontal lobes and cerebellum. Nodules like those of nodular sclerosis were found in the cerebellum. The meninges were thickened and there were angiomatous formations on the blood-vessels.
PATHOLOGY OF PERSONAL CASES. CASE I. Macroscopic appearances of the growths.-When the brain was removed and examined, two growths were found in the right and left 300 group.bmj.com on July 7, 2017 -Published by http://jnnp.bmj.com/ Downloaded from FAMILIAI, 1ILATtRAL ACOUSTIC TUMOURS cerebellopontine angles respectively, that on the right side being the larger of the two ( fig. 8) . Owing to the situation of the growths the seventh, eighth, ninth and tenth cranial nerves on both sides were concealed, and it was only by slightly raising the growths that these nerves could be seen, flattened and pressed against the sides of a deep depression formed by the growths. Both tumours were easily detached and seemed to be retained in position by thin strands of arachnoid. Superficially no direct connection
could be established between them and the underlying cranial nerves. The latter were quite free and did not appear to have been attached to them, although it is quite possible that owing to the position of the growths, lying oIn the nerves, any slender connection may have been severed during removal.
The weight of the tumour on the right side was 25 5 grms.; the left, 8 5 grms. The large growth on the right side was found to be very soft and cystic. After suitable hardening it was sectioned and found to consist .101 of a large core of coagulated material resembling colloid, with a thin capsule of tissue enveloping it. In one part this capsule was slightly thickened and a section of this showed it to be neurofibromatous in appearance. The smaller growth was of a firm nature throughout with the exception of one or two very small cysts in the centre.
The growth on the right side had formed a deep circular fossa affecting principally the middle and lower thirds of the pons and the anterior part of the cerebellum exposing the middle and inferior cerebellar peduncles, and Fw. 9.
had pressed on the lateral aspect of the medulla causing distortion of the pyramid and inferior olivary body ( fig. 9 ). The growth on the left had not formed such a deep fossa, anid the damage seemed to be limited to the anterior part of the cerebellum and the middle and inferior cerebellar peduncles.
In addition to the two large growths described, a number of small nodular growths were found affecting the following cranial nerves. On the left side: seventh nerve, small nodule I mm. in diameter; eighth nerve, several small nodules, one of which was about 3 mm. in diamneter; twelfth nerve, small nodule 2 mm. in diameter. On the right side, owing to the pressure of the large growth combined with the depth of the fossa it was found difficult to identify with accuracy the seventh and eighth Derves, but on one of these nerves, presumably the eigyhth, there were several snmall nodules, which had coalesced and matted the branches together, forming an elongated growth 5 mm. in length and( ' 5 mm. in breadth; on the twelfth nerve, small nodule.
A small growth was also fouind attached to the dura mater in the posterior fossa, and this was foUn(i microscopically to be an en(lothelioma. The remainder of the brain and nervous system was normal in appearance.
. .
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Fic; 10 licroscopical Exanui2ilatiow. The two large growths and the small growths on the cranial nerves were identical in character and were typical neurofibromata. Thev consisted of elongated cells arranged both in bundlles and whorls, and presented the usual palisade arrangement ( fig. 10 ). There were areas in the growths which were myxomatous in type. The small growths in the cranial nerves were looser in structure than the large growths and presented a more whorled appearance than the latter. This was well seen in the eighth right cranial nerve which macroscopically showed small multiple growths coalesced to form one large growth, but microscopically presented the appearance of a number of small circumscribed growths separated from each other by a thin fibrous capsule ( fig. 11) it was possible to cut the nerve and growth in the same section and trace the relationship to each other. The small growth on the twelfth right cranial nerve could be seen attached to the nerve, and it was possible to trace the nerve to the edge of the growth where it was seen to divide into two distinct 44 branches. One branch merged into the growth without any definite line of demarcation and the axis-cylinders ended abruptly. The other branch passed round the outer border of the growth, retaining its nervous structure, and continued on the other side of the growth ( fig. 12 ). At the summit where c ORIGINAL PAPERS the nerve passed over there was a small elongated, area of loose reticular tissue between the more fibrous part of the growth and the nerve proper, suggesting that the growth may be derived from the neurilemma sheath. A similar appearance was noticed in the growths on the other cranial nerves. CASE II. The growth removed by operation from the arm in Case II was enclosed by a thick capsule of fibrous tissue ( fig. 13 ). Its character was that of a neurofibroma and resembled the growths described in Case I, although the areas of myxomatous tissue were not so numerous ( fig. 14) .
No myelinated nerve fibres were demonstrated by the Bielschowsky or any other method.
SUMMARY.
I. The form taken by the disease in three different members of the same generation is interesting, in that one suffered from double acoustic tumours only, one from spinal tumours only, and one from double acoustic tumours and generalized neurofibromatosis.
II. Ill spite of examination of most of the living members of other generations, no signs of neurofibromatosis could be found in them, aiid a careful search into the histories of others that were deceased brought to light Ino data suggesting its occurrence.
III. In all three patients a blow preceded the first signs of the disease, the trauma in each case being local; in Case I it was on the head, in CCse I1 on the elbow, where two lumps appeared, and in Case III on the shoulder. It is probable, however, that the trauma merely first drew attentioin to the disease. IV. Bone changes were present in two cases. E. B. had an osteoma of the rib removed some years ago, and pes cavus, and A. G. had a right lumbar scoliosis.
V. Motor disturbances due to local nerve involvement in the form of wasting are said by Harbitz' to be rare and sensory changes uncommoin.
This he says is due to nerve-fibres persisting in the tumours without degenerating, or to a diffuse infiltration of the nerves. Case II showed marked wasting of the small muscles of the hands and of one leg and thigh, but there was no evidence of a spinal cord tumour pressing on the nerve roots as in the case of the youngest member, who died. Sensory disturbances were also present in the hands and feet in the form of an.Tsthesia and paresthesia. VI. From the literature it will be seen that bilateral acoustic tumours with generalized neurofibromatosis are much commoner than bilateral acoustic tumours only, and that unilateral tumours are much less rare than the bilateral ones.
VII. The cerebrospinal fluid in both cases was interesting. In Case II :306
